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Advances in molecular nano-technology（MNT）provide a wealth information 
about the construction of molecular nano-rods based on different architecture, 
especially the columnar liquid crystalline has attracted a great deal of research 
attention. Although many bowl-shaped three-dimensional molecules are capable of 
forming columnar mesophase, only the cyclotriveratrylene (CTV, or 
tribenzocyclononene, TBCN) core retains its bowl shape inside the column.  
The existence of three-dimensional bowlic mesogens is the logic extension of the 
dimensionality of the liquid crystals after the discovery of calamitics and discotis. The 
synthesis of CTVs has been studied in great deal. But it also remains some problems 
to be solved, such as thermotropic nematic has not been found; lack of research work 
on the texture of CTVs. Through molecular engineering, bowlic polymers with the 
bowlic mesogen either in the main chain with the directors perpendicular and parallel 
to the backbone or on the side group were suggested, but these polymers based-on 
CTVs have not been synthesized before. This thesis focuses on the preparation of 
CTVs, discussion of the thermotropic liquid crystalline behaviours， the construction 
and the formation mechanism of the texture, and the synthesis the polymer with 
flexible backbone and bowlic CTV as side-group.  
The CTV precursor was prepared by direct acid-catalyzed trimention of 3, 
4-substituted veratryl alcohol. To overcome the difficulties for the synthesis of CTV 
derivatives containing relative large substituents, a new reaction route with 
derivatization after trimention was designed by us. 
These compounds were investigated by polarizing optical microscopy (POM), 
differential scanning calorimetry (DSC) and some of them were also studied by X-ray 
diffraction. Many of the CTV derivatives exhibitated thermotropic liquid crystalline 
properties. They are novel bowl-like thermotropic liquid crystals. 
From CTV-Ⅰ to CTV-Ⅵ, the experimental results of their thermotropic liquid 
crystalline behavior indicated that the clear points, the entropy changes of melting 
points, the crystallization temperatures and their entropy changes all exhibited an 
evident odd–even effect except the melting points, which decrease monotonously with 













摘  要 
iv 
According to principles of molecular design, a series of CTV derivatives with 
different peripheral groups were synthesized. The influences of the structure of the 
peripheral groups were studied by applying thermodynamic equation. The results 
show that the CTV derivatives will not exhibit thermotropic liquid crystalline 
behavior when there are some groups which can form hydrogen bond such as 
carbonyl, hydroxyl, amino et al. The existing of strong intermolecular and 
intramolecular hydrogen bonding interactions may result in decomposition during the 
melting process. The results also show that the melting point will decrease when there 
are some flexible spacers in the peripheral groups. 
Two textures were observed under POM: homogeneous texture of single domain 
with the mosaic-like morphologies after cooling, and grainy texture with the same 
morphologies after cooling.  
Several crystal morphologies presented during the cooling of the liquid 
crystalline texture, which decorated the liquid crystal texture. That benefits the 
explanation of the director distribution of original liquid crystal texture. By means of 
scanning electron microscopy, it can be observed the basic structure units of all crystal 
morphologies were lamellae. The lamellae are further composed of smaller fibrils, and 
the fibrils are actually the aggregate of the bowlic columns. 
The mosaic-like morphologies were formed due to the cracks caused the volume 
shrinkage during the crystallization. Considering their original homogeneous texture 
of single domain, the new liquid crystalline phase is named BCN(Bowlic Columnar 
Nematic） by us. On the other hand, both of the mosaic-like morphologies and the 
grainy texture are BCN. 
Meanwhile, both of CTV-H and CTV-M bearing three long alkyl peripheral 
groups tailed with polar end groups displays a hexagonal columnar liquid crystalline 
phase, with columnar diameter of 4.4 and 4.8nm respectively. The CTV-M with single 
methacrylate group was synthesized and further introduced onto flexible polymer 
backbones to give bowlic side group polymethacrylate(BPM). However no 
mesophase optical texture was observed for BPM.  
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